Gallstone disease (GSD) is one of the most common biliary tract diseases worldwide in which both genetic and environmental factors have roles in its pathogenesis. Biliary cholesterol supersaturation from metabolic defects in the liver is traditionally seen as the main pathogenic factor. Recently, there have been renewed investigative interests in the downstream events that occur in gallbladder lithogenesis. This article focuses on the role of the gallbladder in the pathogenesis of cholesterol GSD (CGD). Various conditions affecting the crystallization process are discussed, such as gallbladder motility, concentrating function, lipid transport, and an imbalance between pro-nucleating and nucleation inhibiting proteins.
INTRODUCTION
The pathogenesis of cholesterol gallstone disease (CGD) has long been an enigma. During the first half of the last century, cholelithiasis was regarded to be due to gallbladder inflammatory disease, resulting in desquamation of cells and the production of abnormal substances. 1 After Small and Rapo 2 elucidated the physical-chemical basis of cholesterol crystallization, cholesterol gallstones were then considered to be the consequence of metabolic defects in the liver. Most efforts to understand this process have thus focused on mechanisms that govern the hepatic secretion of biliary cholesterol, phospholipids, and bile salts. Currently, hepatic secretion of cholesterol-supersaturated bile is regarded as a prerequisite for CGD. However, despite its obviously crucial role in lithogenesis, there has been limited research on the downstream events that occur in the gallbladder.
Until recently, renewed interest and considerable investigative efforts have been paid to the involvement of the gallbladder in CGD. 3, 4 Impaired gallbladder emptying, enhanced concentrating function, abnormal lipid transport, and mucus hypersecretion, all presumably secondary to the exposure of the gallbladder to lithogenic bile, have each been identified as additional etiologic factors in CGD. Although lithogenic bile secreted by the liver is now thought to be the main culprit in gallstone formation, the gallbladder is by no means an innocent bystander. As such, in this review we will focus on the role of the gallbladder in the formation of cholesterol gallstones.
GALLBLADDER MOTILITY
The gallbladder has motor function, with 20-30% emptying at 1-to 2-h intervals during the fasting state and 70-80% emptying after stimulation by cholecystokinin (CCK) during a meal. The interplay between gallbladder contraction and relaxation has an important role in driving the flow of bile salts in enterohepatic circulation and facilitating the absorption of lipids and fat-soluble vitamins. However, the motor function of gallbladder smooth muscle (GBSM) becomes impaired during cholesterol gallstone formation in patients and animal models, which exhibit increased fasting gallbladder residual volume as well as reduced contractility in response to CCK. 5, 6 Among the many factors involved in the pathogenesis of CGD, gallbladder hypomotility and the resultant prolonged stasis of lithogenic bile seem to be the most significant. This dysfunction is a very early event in the development of CGD, which occurs within a few days after the onset of the lithogenic diet and gets worse as the disease progresses from microlithiasis to gallstones. 7, 8 Improving gallbladder motility with a prokinetic agent such as cisapride or erythromycin leads to a significant reduction in cholesterol crystallization in animals on a high cholesterol diet. 9, 10 On the other hand, administration of a CCK antagonist (MK-329) can lead to gallbladder stasis and enhanced gallstone formation in cholesterol-fed animals. 11 Studies in patients after extracorporeal shock-wave lithotripsy have shown that more severely impaired gallbladder emptying was associated with a higher recurrence of gallstones. 12 However, gallbladders with pigment stones do not develop defects in contraction like those seen with cholesterol gallstones. 13 Taken together, these findings suggest that impaired gallbladder motility is an important contributing factor in CGD.
Impaired gallbladder emptying may result in prolonged stasis of lithogenic bile in the gallbladder, thus allowing more time and a permissive environment for cholesterol crystallization and aggregation of that cholesterol into macroscopic gallstones. A longer stay of bile in the gallbladder may lead to its hyperconcentration by gallbladder epithelium. Cholesterol is inclined to precipitate from gallbladder bile of a higher lipid concentration (see details in ion and water absorption). In addition, when a large proportion of the bile salt pool is entrapped within the sluggish gallbladder, the cholesterol saturation index (CSI) of the newly secreted hepatic bile is higher due to the relatively lower bile salt secretion and relatively higher cholesterol secretion. This phenomenon further promotes cholesterol precipitation. 5 In the last two decades, investigators have attempted to address the question of what causes gallbladder hypomotility. Normal contraction of GBSM involves the binding of CCK to its receptors on the plasma membrane (PM) and subsequent activation of Gi-3 protein. 14 A large body of evidence has shown reduced muscle contractility after stimulation by CCK in gallbladders with cholesterol gallstones. 5, 13 These findings are in agreement with a study that showed that gallbladders with cholesterol stones had significantly lower levels of 125 I-labeled CCK-8 binding to receptors, suggesting that there may be fewer CCK-1 receptors (CCK-1 R) available for binding on the PM. 15 However, the defect in contraction can be corrected when PM receptors are bypassed by stimulation with G protein activator or secondary messengers such as diacylglycerol. 16 On closer inspection, these abnormalities are related to the presence of excessive cholesterol in the PM of GBSM and can be corrected by incubating muscle cells with cholesterol-free liposome carriers that remove the excess cholesterol. 17 These findings point to receptor abnormalities in the PM of GBSM that may be caused by lithogenic bile. 18 The mechanisms by which lithogenic bile might cause these alterations are not fully elucidated. However, there are a number of findings that provide some important insight. Lipid analysis showed that lithogenic bile contains increased levels of cholesterol and hydrophobic bile salts, both of which have inhibitory effects on GBSM contraction but via different mechanisms. Cholesterol supersaturation in bile may facilitate its diffusion across the gallbladder epithelium, where it is readily incorporated into the PM of GBSM. Cholesterol enrichment in the PM results in a marked reduction in spontaneous action potentials and voltage-activated Ca 2 þ currents in muscle cells. Therefore, basal tone and agonistinduced contractile properties of GBSM are attenuated. 19 In addition, excess cholesterol can decrease the fluidity of PM, particularly in caveolar domains that participate in the internalization of most receptors following stimulation by their respective agonists. High caveolar cholesterol levels block caveolin-3 (CAV-3) phosphorylation required to deliver CAV-3 protein-CCK-1 R-G i-3 complexes to recycling endosomes. Their sequestration within caveolae further decreases the turnover of CCK-1 R from endosomes to PM; this leads to fewer CCK-1 R available for CCK-8 binding and weaker muscle contraction. 20, 21 Cholesterol overabundance in PM may also impair cytoprotective mechanisms of GBSM by decreasing the binding of PGE2 to its receptors in the same manner as CCK-1 R. As a result, the catalase response and degree of free radical inactivation is lower despite a similar PGE2 level. 22, 23 Hydrophobic bile salts inhibit GBSM contraction by generating free radicals (H 2 O 2 ) that damage PM receptors and then inhibit CCK-induced contraction. 24 The demonstration that G protein-coupled bile acid receptor (GPBAR1) is expressed in GBSM provides us a novel mechanism for gallbladder hypomotility. GPBAR1, also known as TGR5, is a G protein-coupled cell-surface receptor that is activated by both primary and secondary bile acids. This receptor is expressed in gallbladder (in both epithelial and smooth muscle layers) at much higher levels than in other human and mouse tissues. Hydrophobic bile salts can act as signaling molecules that bind to GPBAR1 on the PM of GBSM and lead to activation of the subsequent Gs-cAMP-PKA signaling pathway. This effect of hydrophobic bile salts will ultimately result in opening K ATP channels, cell membrane hyperpolarization and decreased GBSM contraction. 25, 26 Recently, the discovery of interstitial Cajal-like cells (ICLCs) in the gallbladder provides new insight into the pathogenesis of impaired gallbladder motility. [27] [28] [29] Gallbladder ICLCs are located almost exclusively within the muscularis propria, where they are electrically coupled with GBSM cells. ICLCs are believed to act as sources of spontaneous, electric slow waves responsible for paced contractions of GBSM, thus regulating the rhythm of gallbladder bile release. 27, 28, 30 A significantly smaller number of ICLCs was found in gallbladders from patients with cholelithiasis compared with those without gallstones. 31 Furthermore, a negative correlation between the number of ICLCs and bile CSI was discovered. 32, 33 It remains unknown whether lithogenic bile also demonstrates an adverse effect on ICLCs. There is evidence that a high cholesterol diet significantly reduces the expression of c-Kit, which is important in regulating the proliferation and survival of ICLCs. 34 Other indirect inflammatory effects such as apoptotic mechanisms may also lead to the loss of ICLCs. The published research on gallbladder ICLCs remains limited. Elucidation of the role of ICLCs in the gallbladder may offer new avenues to prevent and treat gallbladder motility defects present in CGD.
ION AND WATER ABSORPTION
CSI has long been regarded as a reliable predictor for cholesterol nucleation. However, despite its higher CSI, hepatic bile from patients with cholesterol gallstones usually nucleates more slowly than associated (more concentrated) gallbladder bile. On the other hand, dilution of model bile leads to progressively longer nucleation time. These phenomena demonstrate that bile concentration is another important factor for nucleation of cholesterol monohydrate crystals. 35 After secretion by the hepatocyte into the canalicular space, cholesterol is transported mainly in cholesterolphospholipid vesicles. As nascent hepatic bile is increasingly concentrated during bile transfer along the bile ducts to the gallbladder, cholesterol and phospholipids begin to transfer from vesicles to mixed micelles, which contain a mixture of cholesterol, phospholipids and bile salts. The preference for phospholipid transfer leads to a high cholesterol/phospholipid ratio and reduced stability of the residual vesicles. Therefore, cholesterol monohydrate is inclined to crystallize from these supersaturated vesicular fractions. 36, 37 The major function of the gallbladder is not only to store bile but also to concentrate it by absorption of water and ions. This function of the gallbladder, in conjunction with hepatic hypersecretion of cholesterol, contributes another prerequisite for cholesterol gallstone formation.
Hepatic bile is concentrated four to fivefold by the normal fasting gallbladder, thereby leading to exceedingly high concentrations of bile lipids (mainly cholesterol, bile salts, and phospholipids) in gallbladder bile. 35 Abnormal gallbladder concentrating function is observed in experimental cholelithiasis at the point when cholesterol crystals are present but before the formation of gallstones. 38 The fasting gallbladder to hepatic bile ratios for individual and total biliary lipids are a rough estimate of the capacity of gallbladder concentration and are uniformly increased in animals on a lithogenic diet compared with those on a control diet. 39 The most likely explanation for these findings is increased gallbladder absorption of ions and water. Enhanced gallbladder absorption of water and ions has also been demonstrated in more direct studies using in vivo dual isotope technique. 38 Moreover, enhanced water absorption by the gallbladder is observed under conditions such as pregnancy or truncal vagotomy, which are both associated with an increased incidence of gallstones in human subjects. 40, 41 Increase in gallbladder absorption may also promote gallstone formation by concentrating pro-nucleating factors and increasing bile viscosity. Reducing gallbladder concentrating function by administration of amiloride, an inhibitor of Na þ absorption, could significantly decrease the incidence of cholesterol gallstones in animals fed with a lithogenic diet. 42 It has long been debated whether such an abnormality is the result of enhanced gallbladder absorptive efficiency or merely the consequence of increased exposure time of bile to the mucosa secondary to gallbladder hypomotility. Regardless of the causative factors, the findings that dietary factors alter gallbladder absorption imply that gallstones are the result of impaired gallbladder mucosal and/or smooth muscle function.
It is easily understood that gallbladder hypomotility can lead to bile hyperconcentration. Some details in the regulation of gallbladder ion transport have been explored and provide further information regarding the cellular mechanisms behind the enhanced absorption efficiency of gallbladder epithelium. The removal of water from gallbladder bile involves different epithelial ion transport systems that lead to net NaCl apical absorption [43] [44] [45] [46] (Figure 1) . Previous investigations in a variety of species demonstrate that gallbladder Na þ and Cl À absorption is predominantly mediated by the parallel Na þ /H þ exchanger (NHE) and Cl À /HCO 3 À anion exchanger (AE) on the apical membrane of gallbladder epithelial cells (GBECs). These two exchangers are functionally correlated through intracellular pH and bicarbonate concentration. In healthy animals, protein kinase C, Ca 2 þ -calmodulin, and protein kinase A hinder gallbladder concentrating function by inhibiting the rate of Na þ and Cl À absorption. [47] [48] [49] In response to a lithogenic diet, ion transport is released from these inhibitory factors, resulting in enhanced gallbladder absorption. 38, 50, 51 A study by Giurgiu et al 52 has demonstrated an increased net Na þ absorption during the early pre-crystal stage of gallstone formation. The observed increase in Na þ absorption was shown to be the result of an increase in gallbladder NHE activity. 53 Further studies on specific NHE isoforms demonstrated that both NHE 2 and NHE 3 expression increased during cholesterol gallstone formation. Furthermore, a shift in transport activity from NHE 2 to NHE 3 occurs simultaneously. However, the moderate increase in NHE 2 and NHE 3 expression at protein levels cannot fully account for the marked increase in total NHE activity. This suggests enhanced localization of preexisting NHE from the intracellular pool to the apical membrane. Recently, we have found that cholesterol gallstone Figure 1 Working model of carriers and channels that sustain ion absorption and secretion in the gallbladder epithelium.
formation was associated with a different expression of phosphorylated NHE 3 at serine-552 (P-NHE 3 ) in mouse GBECs (unpublished data). Given previous findings that NHE 3 activity is related to its phosphorylation state, our results suggest alterations in NHE regulation during gallstone formation, probably via the exchanger trafficking mechanism. 54, 55 Furthermore, AE, which is usually co-expressed with NHE on absorptive epithelium, has a synergistic effect with NHE in Na þ and Cl À absorption. Concomitant abnormality in AE activity is expected when NHE function is altered. On the other hand, the gallbladder also has secretive function that is mainly mediated by cystic fibrosis transmembrane conductance regulator (CFTR). 56 Decrease in the secretive function of the epithelium quite possibly translates into enhanced absorption. Thus, the existence of other transporters in GBECs, especially CFTR, may also have a role in the pathogenesis of CGD.
The initiating factors that lead to the observed dysfunctional gallbladder ion transport are not clear. Since these changes occur only when cholesterol-supersaturated bile is present in the gallbladder, direct exposure of the gallbladder mucosa to lithogenic bile is highly suspected to be the trigger event. Ammon 57 has shown that bile salts, at concentrations well below those usually present in the gallbladder, have a stimulating effect on Cl À secretion from GBECs, thus inhibiting net water absorption by gallbladder epithelium. Another study by Chignard et al 58 that exposed cultured human GBECs to taurochenodeoxycholate and tauroursodeoxycholate demonstrated the prosecretory effects of these bile salts, both of which markedly accelerate the secretion of Cl À through potentiating the AC-cAMP signaling pathway. These effects can be reversed by the addition of phospholipids. These observations suggest that the increase in the ratio of the biliary concentration of phospholipids to bile salts, as happens in lithogenic bile, may be the trigger event of enhanced gallbladder absorption during early cholesterol gallstone formation. Moreover, exposure of the gallbladder epithelium to cholesterol-supersaturated bile may increase the cholesterol content of GBECs and affect PM fluidity. A link between PM cholesterol content and NHE 3 activity has been suggested by numerous studies, which have shown that reducing cholesterol content of lipid raft with MbCD may decrease cellular Na þ /H þ exchange by influencing NHE 3 trafficking. 59, 60 This effect of MbCD can be completely reversed by repletion of cholesterol. It is then entirely reasonable to suppose that high PM cholesterol content could result in increased NHE 3 activity and enhanced gallbladder absorption. Alternatively, membrane cholesterol enrichment may alter ion transport activity by interfering with cell signal transduction. [61] [62] [63] It remains unknown whether enhanced gallbladder absorption is due to aberrant signaling transduction in GBECs induced by abnormal bile salt concentrations or the result of altered PM fluidity largely due to increased cholesterol content. Additional investigations are required to identify specific constituents of lithogenic bile that induce the observed alterations in gallbladder absorption and the underlying mechanisms.
The recognition of the expression of aquaporins (AQP1 and AQP8) in GBECs provides us new insight into the osmotic movement of water through the epithelium. The presence of two distinct AQPs in the apical membrane of GBECs may give rise to the speculation that gallbladder epithelium could absorb and secrete fluid via separate AQPs. 64 However, a study using a gene knockout technique showed no difference in either bile osmolality or bile salt concentration in gallbladders from wild-type and AQP1 knockout mice. These findings argue against an important role for AQP1 in mouse gallbladder. 65 However, the synchronous decrease in AQP1 and AQP8 protein expression and gallbladder concentrating function after cholesterol gallstone formation in C57L mice indicates their relation to lithogenesis. 66 The actual role in lithogenesis and potential therapeutic implications of gallbladder AQPs remain to be explored.
LIPID TRANSPORT AND CSI
The most recognized function of the gallbladder is to store and concentrate bile. However, this organ is not just a passive container; it can also actively modify bile composition by both absorption and secretion of lipids. Simultaneous influx and efflux of cholesterol occurs at the apical PM of GBECs via both physico-chemical and protein-mediated mechanisms. 67 The net direction of movement of cholesterol depends more on the lipid composition of gallbladder bile and hydrophobicity of bile salts than on the mucosa, with supersaturated bile (CSI41) and more hydrophobic bile salts resulting in net absorption of cholesterol into the tissue. 68 As bile is concentrated in the gallbladder, the increase in concentration of cholesterol is only 71% that of bile salts. Taking into consideration the fact that bile salts are only minimally absorbed by the gallbladder, these findings suggest a 29% net absorption of cholesterol. 67 Using in vitro-isolated preparations of the human gallbladder, Corradini and co-workers 69 also demonstrated that gallbladder epithelium absorbs 23% of cholesterol but only a net 9% of bile salts during a period of 5 h. Consequently, the cholesterol molar percentage is significantly reduced, while the bile salts molar percentage is significantly increased. The lipid modulating ability of the gallbladder epithelium is thus regarded as a major determinant of gallbladder bile CSI. Biliary cholesterol supersaturation is regarded as the principal cause of CGD when there is excess cholesterol or not enough solubilizing bile salts and phospholipids. The gallbladder epithelium can significantly alter the composition of bile. This process in itself could act as a protective mechanism against gallstone formation.
Normal gallbladder epithelium may have a positive effect on gallbladder bile and hence an ability to prevent cholesterol supersaturation; this ability is impaired in patients with CGD, however. 70 To better clarify the influence that gallbladder epithelium exerts on bile, a more direct methodological approach has been developed by Corradini et al 71 using the in vitro-isolated, intra-arterially perfused gallbladder model. Their results demonstrated that cholesterol absorption by the gallbladder was markedly reduced in cholesterol gallstone patients compared with those in controls, whereas bile salt absorption was less affected. Consequently, gallstone gallbladders induced a more lithogenic bile with significant increase of cholesterol and decrease in bile salt molar percentages due to impaired lipid absorption. In combination with hepatic cholesterol hypersecretion, this defect in lipid absorption represents an additional contributing factor to cholesterol gallstone formation.
Significant advances have been made in understanding cholesterol uptake, intracellular trafficking, and efflux mechanisms of gallbladder epithelium. Thus far, ATP-binding cassette transporters G5/G8 (ABCG5/G8), 72 megalin and cubilin, 73 scavenger receptor class B type I (SR-BI), 74 and ABCA1 75 have been reported to be expressed in GBECs. The obligate heterodimers ABCG5/G8 are expressed on the apical membrane of epithelial cells, where they excrete cholesterol into the lumen. Megalin and cubilin are large, multipleligand receptors that can mediate cholesterol uptake from the apical surface of epithelial cells. SR-BI, mainly known as the selective uptake receptor for cholesterol, also has a role in apical cholesterol uptake. ABCA1 is expressed on the basolateral membrane of GBECs and initiates cholesterol efflux out of the epithelial cells (Figure 2) . Changes in the activities of these proteins could conceivably influence cholesterol transport by GBECs. However, the functionality of the above transporters in GBECs has not yet been studied in animal experiments or human materials. Their transport directions are all derived from their function in liver and intestine. Studies on normal and diseased gallbladders have helped clinicians gain some insight into their functional role with respect to CGD, however, except for SR-BI, whose expression is restricted to the apical membrane of GBECs, 76 intracellular signals were noted for ABCG5/G8, 77 ABCA1, 78 megalin, and cubilin 73 by immunohistochemistry studies. These findings suggest a trafficking mechanism in their transport activity regulation. Specially, the subcellular localization of ABCG5/ G8 in GBECs does show alterations, with predominantly intracellular localization at baseline and predominantly apical localization following short-term (24 h) cholesterol loading with model bile or LXRa/RXR ligand treatment. 72 Furthermore, ABCA1, ABCG5/G8, and megalin, but not cubilin, are more highly expressed at protein levels in gallbladders with cholesterol gallstones than in normal gallbladders. 73, 78 In contrast, increasing the bile cholesterol content with a lithogenic diet leads to a marked decrease in expression of SR-BI in the murine gallbladder. 76 The expression of the above transporters is in agreement with a previous study that both cholesterol absorption and secretion occur on the apical side of GBECs. 68 In addition, their existence confirms the important role of the gallbladder in regulating biliary cholesterol content. CGD is usually associated with increased expression of cholesterol efflux transporters (ABCA1 and ABCG5/G8) and decreased expression of cholesterol influx transporters (SR-BI). There is good reason to suspect that altered expression in these transporters is responsible for impaired gallbladder cholesterol transport, which may facilitate cholesterol precipitation by increasing CSI. 78, 79 However, we cannot rule out the possibility that the differential expression of cholesterol transporters in the diseased gallbladder may merely reflect cellular protective mechanisms against excessive cellular cholesterol absorption. In either case, the distribution pattern of these cholesterol transporters suggests a mainly apical-to-basolateral cholesterol transport direction by GBECs to prevent cholesterol overload and gallstone formation. 80 Subsequent in vitro functional assays for each of these proteins would provide a clearer view into gallbladder cholesterol transport and their relation to cholesterol gallstone formation.
CHOLESTEROL NUCLEATION PROMOTING AND INHIBITING PROTEINS
Of all the tissues in the body, the gallbladder epithelium is uniquely positioned to face the highest concentrations of bile lipids for the longest time. To cope with this situation, GBECs secrete special proteins, either to protect themselves against the detergent effect of a high concentration of bile salts or to prevent cellular cholesterol overload by facilitating its apical-to-basolateral efflux. 81, 82 Nevertheless, this function becomes impaired when GBECs are challenged by lithogenic bile, which leads to alterations in the secretion of these proteins and an imbalance between cholesterol nucleation promoting and inhibiting factors.
Hypersecretion of pro-nucleating mucins (MUC) by GBECs has long been suggested as a contributing factor for gallstone formation. [83] [84] [85] Multiple MUC genes are expressed in GBECs, with their products including gel-forming MUCs (MUC2, MUC5AC, MUC5B, and MUC6) and membranebound MUCs (MUC1, MUC3A, MUC3B, MUC4, and MUPCDH). 86 Gel-forming MUCs may provide a favorable environment for gallstone formation by accelerating the nucleation of cholesterol monohydrate crystals from supersaturated bile. In addition, there is evidence that membranebound MUC (MUC1) can also promote gallstone formation by augmenting gallbladder cholesterol absorption and impairing gallbladder motility. 87, 88 Increase in gallbladder MUC secretion has been demonstrated in many animal models as well as in patients with CGD. 89, 90 Once again, this phenomenon occurs in the earliest stages of CGD before the appearance of cholesterol crystals. Decreasing MUC secretion with aspirin prevents gallstone formation in animal models and decreases the risk of gallstone recurrence following dissolution therapy in humans. 91, 92 New progress has been made to identify the initiating event that triggers the observed MUC hypersecretion in recent years. A shift in the bile salt composition toward more hydrophobic, as occurs in lithogenic bile, is more effective at stimulating MUC secretion. This effect of hydrophobic bile salts seems to occur independently of their detergent properties. In contrast, the more hydrophilic salt ursodeoxycholic acid has an inhibitory effect on MUC secretion. 93 In addition, other factors such as inflammatory cytokines, bacterial products, and growth factors can also lead to mucin hypersecretion. [94] [95] [96] [97] Biliary apolipoprotein A-I (apoA-I), which can be synthesized by GBECs, possesses nucleation inhibiting properties. 98 At concentrations present in bile, apoA-I can directly retard cholesterol crystal nucleation when added to model systems of supersaturated bile. 99 In addition, apoA-I can also elicit basolateral cholesterol efflux via the ABCA1-mediated pathway and enhance its removal from gallbladder bile. 75 However, bile samples from gallstone patients exhibit reduced Apo A-I concentrations when compared with those from gallstone-free patients. 100 
SUMMARY
The basic role of the gallbladder is to enhance the digestive power of bile through a concentrating mechanism, drive the flow of bile salt through the enterohepatic circulation via periodic motion, and maintain the thermodynamic stability of gallbladder bile through differential absorption of lipids. These functions of the gallbladder are all impaired and constitute essential contributing factors in CGD. While recognizing that the pathogenesis of CGD is multifactorial, the mechanisms behind the defects in gallbladder function have not yet been fully illuminated. Attempts to describe these aspects of gallbladder function may improve our understanding of the natural history of CGD and enable the development of new treatment strategies.
